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ABSTRACT
INVESTIGATING IF CHANGES IN CANNABIS EXPECTANCIES MEDIATE DRIVING
AFTER CANNABIS USE INTERVENTION OUTCOMES
Driving after cannabis use (DACU) has become an increasing public health concern
specifically for the states that have legalized cannabis use. In a 2018 survey, 4.7% of U.S.

residents reported driving while impaired by cannabis (Azofeifa et al., 2019). Previous research
suggests that several skills are impaired following cannabis use, such as increased lane weaving,
slowed reaction time, and distorted perceptions about external stimuli. This effect was seen to
extend to frequent cannabis users who also demonstrated driving impairments despite heightened
cannabis tolerance (Hartman & Huestis, 2013). With the increase in DACU it is crucial to
understand the factors that lead to DACU. Several studies have demonstrated that peer norms
surrounding DACU, perceptions of consequences, perceptions of dangerousness, and effect
expectancies contribute to the decision to engage in DACU (McCarthy et al., 2007; Darke et al.,
2004; King et al., 2020). However, it is still unclear which of these factors would be best to
target in an intervention to reduce DACU. The present study aimed to address this by
investigating if increasing negative effect expectancies mediates DACU intervention outcomes.
The data analyzed for this study derived from the project TECH pilot study which utilized a brief
mobile phone-based intervention that aimed to reduce DACU frequency in a sample of 38 young
adults. To assess change in DACU and negative effect expectancies, participants completed
surveys at baseline and at a three-month follow-up. Results indicated that while rates of DACU
decreased from baseline to three-month follow-up, negative effect expectancies did not
significantly change. Concerning if negative effect expectancies mediated DACU intervention
outcomes, the results demonstrated that they did not significantly mediate intervention outcomes.
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This may be due to several reasons such as sample size or that another cognitive predictor of
DACU such as perceptions of dangerousness may have mediated. The results from the current
study fills a gap in literature surrounding interventions targeting effect expectancies as a way to
mediate outcomes. Future research should examine this on a larger sample size, as well as
including other cognitive predictors in the model to assess if one plays a stronger mediating role
than another.

Keywords: [cannabis, driving after cannabis use, mobile phone-based brief intervention,
cannabis effect expectancies]
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Introduction

According to data from the National Institute on Drug Abuse (NIDA, 2018), forty-three
percent of young adults (ages 19-22) report past year cannabis use, which is the highest rate in
the last 35 years. In the past 5 years, there has been a 7% increase in past-year cannabis use
among college students and a 2.4% increase in past-year cannabis use among same aged noncollege peers. Daily use of cannabis has also been on the rise among both college and noncollege young adults, with 11% of non-college students reporting daily use vs. 5.9% of college
students (11% vs. 5.9%; National Institute on Drug Abuse, 2018). Given the rise in both lifetime
and daily cannabis use among young adults, increased research on the consequences of cannabis
use is vital. Of specific concern, more people are engaging in driving after cannabis use
(DACU), such that in 2018, 4.7% of U.S. residents reported driving while impaired by cannabis
(Azofeifa et al., 2019). One factor that may impact the likelihood of DACU is a person’s beliefs
about the positive or negative effects of cannabis use— also known as cannabis effect
expectancies (Schafer & Brown, 1991; Vangsness et al., 2005). This study aims to investigate the
connection between cannabis effect expectancies and DACU among younger adults.
Specifically, the present study aims to examine whether targeting negative effect expectancies in
a brief intervention for DACU leads to reduced driving after cannabis use. The results of this
study will aid in the development of effective brief interventions for DACU.
Impairing Effects of Cannabis on Driving

Several reviews and meta-analyses have been conducted on the effects cannabis has on
driving abilities and have found that cannabis impairs driving skills. A systematic review
conducted by Asbridge and colleagues (2012) found that individuals who had consumed
cannabis were almost twice as likely to be in a fatal car crash compared to sober drivers.
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Although this review did not examine if different cannabis dosages may have led to the increased
crash risk, their results are consistent with other reviews concluding that cannabis impaired
drivers were more likely to get in a wreck than sober drivers. Hartman and Huestis (2013)
reviewed the literature on the specific driving impairments that occur after using cannabis. They
found several skills that are impaired following cannabis use, such as increased lane weaving,
slowed reaction time, difficulty with processing more than one piece of information at a time,
and distorted perceptions about external stimuli. Their review examined the effects of tolerance
on impaired driving skills, and notably, they found that frequent cannabis users demonstrated
driving impairments despite heightened cannabis tolerance. More recently, Ramaekers (2018)
addressed the growing concern surrounding DACU and once again found cannabis use impairs
driving abilities as well as increases the risk of getting in a car crash in both experimental and
epidemiological studies. Results of these studies can be used to determine future regulations and
solutions to DACU before it becomes more widespread and prevalent. DACU is one of the
riskiest behaviors associated with using cannabis, and proactive solutions for curbing this
behavior, such as brief intervention approaches, need to be identified. Despite the growing
evidence that cannabis impairs driving, many cannabis users do not perceive that cannabis
impairs their driving abilities (Greene, 2018). With more states starting to legalize cannabis use
for medical and recreational purposes, the concern about individuals engaging in DACU has
increased.
Driving after Cannabis Use among Young Adults

Rates of DACU are especially high among young adult cannabis users (ages 19-22). A
study conducted by Whitehill and colleagues (2014) examined the rates at which college students
report DACU, driving after drinking, or riding with a passenger they know is under the influence
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of either cannabis or alcohol. They found that the undergraduate students who reported using
cannabis had a higher prevalence of DACU (31.3%) compared to the reported frequency of
alcohol using students driving after drinking (6.8%). Several studies have shown a similar trend
in rates of cannabis users engaging in DACU compared to alcohol users engaging in driving after
drinking (NIDA, 2018; O’Malley & Johnston, 2003). Interestingly, cannabis users also were
more likely to ride with a cannabis impaired driver (45.3%) compared to alcohol users riding
with a drinking driver (15.6%). It may be that cannabis users perceive DACU as less dangerous,
especially among peers, given that one of the main risk factors found for engaging in DACU was
riding with a cannabis impaired driver. Given the high rates of DACU in this age group and the
potential for fatal consequences, it is extremely important to identify risk factors for DACU that
can be used as intervention targets.
Cognitive Predictors of Driving After Cannabis Use
McCarthy and colleagues (2007) reported several cognitive predictors of DACU. These
include permissive beliefs about DACU, peer norms surrounding cannabis use, and
underestimating the likelihood of experiencing negative consequences. They also found that
cannabis using individuals were more likely to engage in DACU if they perceived their friends to
be okay with it or if they perceived it as less dangerous. Another common predictor of DACU is
the perception of consequences following DACU. The most common consequences often
associated with DACU would be getting in a wreck or being pulled over by the police and
receiving a DUI. These consequences have been shown to play a role in the decision to engage in
DACU, specifically that individuals who perceive less consequences of DACU are more likely to
drive while impaired (Darke et al., 2004; McCarthy et al., 2007). Another study, conducted by
Begg and colleagues (2003), identified factors that could also be used to predict persistent
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driving after cannabis use and found that low constraint, or impulsivity, was one of the only
significant non-cannabis related predictors of DACU. Additionally, there is some evidence that
both age of first using cannabis and cannabis dependency may play a role in predicting future
occasions of DACU (Jones et al., 2007). Cannabis effect expectancies, or the positive and
negative beliefs an individual may hold about cannabis use, have also been shown to predict if an
individual is likely to engage in DACU (Arterberry et al., 2017; King et al., 2020).
The Theory of Planned Behavior

The Theory of Planned Behavior (TPB; Ajzen, 1991) states that a behavior can be
predicted based on the combination of past behavior, attitudes toward the behavior, perceived
norms about the behavior, and perceived behavioral control. These factors are used to predict an
individual’s level of intent to perform a particular risk behavior. The combination of these
factors can be used to predict if an individual is likely to engage in a particular behavior, as well
as to understand the reasons behind the behavior, in order to change a problematic behavior. This
theory can be applied to many problematic behaviors, including DACU, and should be
considered when developing and implementing interventions.
A study conducted by Earle and colleagues (2020) investigated the Theory of Planned
Behavior in relation to the decision to engage in cannabis-related driving behaviors, such as
DACU or riding with a cannabis impaired driver. Previously, the TPB has been applied to other
specific driving behaviors such as speeding, lane weaving, and riding closely to other cars. Given
that this theory has been shown to play a role in risky driving behaviors, including driving after
drinking, Earle et. al (2020) applied the TPB as a predictor of DACU and riding with a cannabis
impaired driver. Their results found that personal attitudes toward DACU and riding with a
cannabis impaired driver, as well as perceived behavioral control, significantly predicted an
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individual’s intent to drive impaired or ride with a cannabis-impaired driver. Perceived
behavioral control refers to the extent to which a person believes they can control a car while
driving impaired or the ability to decline riding with a cannabis impaired driver. Interestingly,
their results also demonstrated that participants who reported that they are not able to drive a car
while impaired are less likely to engage in this behavior regardless of if they approve of driving
after cannabis use or believe that their peers approve of it. This suggests that personal attitudes
regarding DACU or riding with a high driver, as well as expectancies, may play a more
important role in the decision to engage in cannabis- related driving behaviors than subjective
norms and peer approval.
Cannabis Expectancies as a Cognitive Predictor of DACU

As mentioned earlier, cannabis effect expectancies also play an important role in the
decision to engage in DACU. Cannabis expectancies include physiological and psychological
effects one might expect to experience after using cannabis and can be both positive and
negative. Positive cannabis effect expectancies often can create positive feelings and associations
with cannabis use. Examples of positive cannabis effect expectancies are that cannabis: helps a
person relax and feel less tense, helps a person in social settings to feel more comfortable, and
helps a person feel more creative or perceive things differently. Conversely, negative cannabis
effect expectancies are effects that are associated with negative feelings or experiences. Some
examples of negative cannabis effect expectancies are: cannabis makes it more difficult for
people to think or complete certain tasks, causes general bad effects on a person’s mood or
wellbeing, and has bad effects on a person’s body. The most common general negative effects
that are reported are heightened anxiety, paranoia, or altered thoughts. Some common negative
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effects that can occur to a person’s body are cravings, increased heart rate, and feeling dizzy
(Schafer, & Brown, 1991).
Effect expectancies can play an important role in deciding to use cannabis as well as
deciding to drive after using cannabis. If an individual reports more positive effect expectancies,
they are more likely to use cannabis. Individuals who report more negative cannabis effect
expectancies are less likely to use cannabis or engage in cannabis-related behaviors. (Schafer &
Brown, 1991; Vangsness et al., 2005). Schafer and Brown (1991) examined the relation between
cannabis effect expectancies and drug use patterns. Their results supported the notion that
cannabis effect expectancies influenced patterns of cannabis use, such that individuals with
higher negative cannabis effect expectancies were less likely to use cannabis frequently
compared to individuals who had higher positive effect expectancies. Additionally, Vangsness
and colleagues (2005) assessed the impact of cannabis effect expectancies and impulsivity on
cannabis use. They found that individuals who were rated as more impulsive had fewer negative
cannabis expectancies and used cannabis more frequently. These studies demonstrate that
cannabis effect expectancies are valuable measures to consider when predicting frequency of
cannabis use. However, there has been little research examining if cannabis effect expectancies
play a role as a cognitive predictor of DACU.
To date, few studies have looked at the specific role cannabis expectancies play in the
decision to engage in DACU. Arterberry and colleagues (2017) measured attitudes toward
driving while high as well as riding with a high driver. They hypothesized that positive
expectancies would be associated with an increase in driving while high and riding with a high
driver, while negative expectancies would be associated with a decrease in these behaviors. Their
sample consisted of 506 participants that reported using cannabis at least once in their lifetime,
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had access to a car, and drove at least once a month. Their results revealed that cannabis users
who had strong negative expectancies and perceived driving after use as more dangerous were
less likely to drive while high. The authors suggested that increasing the knowledge of the
potential dangers of driving while high could help to reduce the number of times individuals
drive while high or rides with a high driver. Overall expectancies about the negative effects of
cannabis may contribute to the decision to not engage in these risky behaviors.
Conversely, another study conducted by Aston and colleagues (2016) found slightly
different results. They examined the same risk factors that were assessed in the previous study to
assess if any of these factors increased the amount of driving while under the influence of
cannabis. The authors specifically wanted to assess driving after smoking marijuana, and
smoking marijuana while driving. This sample consisted of 151 participants who used cannabis
at least once a week in the past month, and 10 times in the past six months. They used a Timeline
Followback assessment to evaluate the participant’s past two-month cannabis use. The authors
assessed how many times the participants drove after smoking cannabis in their lifetime as well
as how many times they smoked cannabis while driving. They found that only two risk factors
were associated with higher rates of driving after smoking marijuana and smoking marijuana
while driving, which were perceived peer norms and perceptions of dangerousness of driving
after cannabis use. Specifically, if their friends would disapprove of them driving after smoking
marijuana, they were less likely to ride with a driver under the influence of cannabis and they
perceived driving after cannabis use as more dangerous. The results did not find that negative
expectancies or positive expectancies of the effects of cannabis played a role in the frequency of
driving after smoking marijuana or smoking marijuana with peer norms and perception of
dangerousness included in the model.
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Due to the mixed findings regarding the association between cannabis expectancies and
DACU, King and colleagues (2020) examined if the significant associations between negative
cannabis expectancies and engaging in DACU endures when perceived dangerousness and peer
approval are included in the model. The sample consisted of 85 undergraduate college students
who reported driving after using cannabis three times in the past three months. Their results
demonstrated that, in addition to perceived dangerousness and perceived peer approval, stronger
negative cannabis expectancies were found to be associated with lower rates of DACU. Positive
expectancies were not associated with DACU in this sample. Together, these results suggest that
negative cannabis effect expectancies do have a critical impact on the decision to engage in
DACU among a sample of heavy cannabis users, and given this role, negative effect
expectancies may be important factors to target during interventions.
Brief Interventions for Cannabis Use
Many studies have utilized brief interventions (BIs) containing personalized feedback to
reduce cannabis use and related problems by identifying and correcting faulty normative beliefs
in order to increase motivation to change a problematic substance-related behavior (Halladay et
al., 2019). Halladay and colleagues (2018) reviewed the literature on the effects of brief
interventions for cannabis use among young adults and found that many brief interventions that
included feedback specified for the individual (personalized feedback) were more successful
than interventions that did not include this component. Studies included in their review utilized
brief interventions that were aimed at reducing cannabis use and associated problems. One of the
features that was consistent among different brief interventions reviewed was giving
personalized feedback to the individuals about their substance use patterns and how their beliefs
compared to their peers’ beliefs. This personalized normative feedback is useful in helping the
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individual correct faulty normative beliefs. The personalized feedback also typically informs the
individual about their problematic patterns of use and provides strategies for low-risk substance
use. Although these types of brief interventions have shown some promise in reducing symptoms
of cannabis use disorder, no previous studies have examined whether a similar brief intervention
approach could be used specifically to reduce DACU. These evidence-based features should be
included in future brief interventions targeting DACU. Focusing on specific cannabis-related
cognitions in brief interventions seems to be useful for individuals who need a more personalized
approach, and one of these intervention targets could be negative cannabis effect expectancies.
Very few published studies have examined brief interventions targeting cannabis
impaired driving. Fischer and colleagues (2013) examined the feasibility and impact of a brief
intervention targeting cannabis use in a sample of heavy cannabis users. Once the participants
completed the baseline assessment regarding cannabis use, DACU, and related risks, they were
randomized to one of four conditions: (1) an oral cannabis BI (C-O), (2) a written cannabis BI
(C-W), (3) an oral BI on general health (H-O), and lastly (4) a written BI on general health (HW). The C-O and C-W conditions were the experimental intervention groups that received a
brief intervention regarding cannabis related problems and health risks. These interventions also
consisted of tangible recommendations and techniques to reduce use and related risks, as well as
goal setting and a discussion of potential barriers to decreasing use. The main difference between
the intervention groups is that one was delivered in person (C-O), and the other group (C-W)
received an eight-page booklet with corresponding content to the C-O condition in written
format. The control groups (H-O and H-W) used the same delivery methods, but the content was
about stress, nutrition, and exercise. Follow-up assessments were conducted three months after
baseline and consisted of a shortened version of the baseline assessment. The main measures the
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authors used to assess pre and post intervention outcomes were: (1) number of days cannabis was
used in the past 30 days, (2) average number of distinct episodes of cannabis use on cannabis use
days, (3) usage of deep inhalation/breath-holding methods while using cannabis, and finally (4)
driving a vehicle within 2 hours of cannabis use. Their results showed that the combined
intervention groups reduced their days of engaging in DACU from 44.44% to 30.65% (p = .020),
whereas the combined control groups reduced their DACU frequency from 29.51% to 27.45% (p
= .257). Overall, the intervention groups showed a one-third reduction in days of DACU
compared to the control groups, which demonstrated that both brief interventions were effective
at reducing the frequency of engaging in DACU short term.
A separate study conducted by Walton and colleagues (2013) compared computer based
and therapist based brief interventions in a sample of cannabis using adolescents. Interestingly
their results found that the computer based brief intervention condition reduced cannabis related
problems and other drug use but did not reduce DACU. Meanwhile, the therapist based brief
intervention condition led to reductions in driving under the influence of cannabis. This study
sheds light on an effective component of brief interventions surrounding cannabis use. It is
important for these kinds of interventions to have a personalized feeling and to ensure the
participants feel like they were engaging with a person rather than an automated response. This
has been shown to be effective in not only cannabis use brief interventions but also extends to
alcohol brief interventions (Carey et al., 2016).
Aside from these studies, most studies in the current literature on brief interventions
target alcohol-impaired driving. For example, Teeters et al. (2018) examined the impact of a
mobile phone-based brief intervention including personalized feedback and interactive textmessaging targeting driving after drinking, and they found that this intervention was effective at

10

reducing driving after drinking in a sample of college students. These studies suggest that brief
interventions can be used to reduce impaired driving behaviors among young adults but more
research examining impaired-driving interventions, as well as mechanisms of change, is greatly
needed.
Interventions Targeting Expectancies

Several substance use interventions have been designed specifically to target
expectancies as a way to decrease substance use and related problems. A study conducted by
Dunn and colleagues (2020) compared the efficacy of a brief motivational intervention (BMI) to
the expectancy challenge alcohol literacy curriculum (ECALC) on reducing overall alcohol use
among a sample of college students. This comparison was done to examine differences between
the intervention styles and to see which was more effective at reducing alcohol use and alcohol
related problems. The BMI consisted of motivational interviewing to help the participant gain an
understanding of their frequency of use and cannabis-related consequences. This intervention
style has been widely used for alcohol interventions and has demonstrated promising results at
reducing drinking and related problems (Carey et al., 2016). The comparison group, ECALC,
primarily aims to target and change alcohol expectancies, specifically positive alcohol
expectancies, which subsequently reduce drinking. Their results showed that while both
intervention styles significantly reduced alcohol use and related problems, the change in alcohol
expectancies significantly mediated intervention outcomes. Overall, this study demonstrated that
targeting expectancies in an intervention setting can be successful at reducing substance use and
related problems. Additionally, a meta-analysis conducted by Gesualdo and Pinquart (2015)
examined multiple studies that utilized the expectancy challenge style of intervention. Their
analysis included studies that used samples from both high school and college students. While
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many of the studies produced similar results, a few varied based on the specific expectancies that
were targeted. College students had more reductions in alcohol use when social norms, tension
reduction, sexual facilitation, and liquid courage expectancies were targeted. Overall, the results
from the meta-analysis demonstrated that targeting specific expectancies plays an important role
in intervention outcomes, especially among college students.
Identifying mechanisms underlying effects found in brief cannabis intervention studies
represents a major gap in the literature. Many of the studies reviewed above include multiple
components that target various mechanisms, and it is unclear which parts of the interventions
lead to behavior change. Given the research reviewed above, it is clear that negative cannabis
expectancies influence decisions to use cannabis and to drive after use, but it remains unclear
whether targeting and changing negative expectancies in brief interventions would lead to
reductions in DACU. Research examining whether changes in negative effect expectancies after
completing a brief intervention led to changes in DACU over time has not yet been conducted.
Two previous studies using the present dataset (referred to as Project TECH) have found
that the brief intervention approach (described in detail in the methods section below) resulted in
1) increased perceptions of dangerousness of DACU (Teeters et al., 2021) and 2) decreases in
DACU and riding with a cannabis-impaired driver (Teeters et al., under review). Teeters and
colleagues (2021) examined the effectiveness of a brief mobile intervention aimed at reducing
DACU. In this pilot trial, participants were randomly assigned to 1 of 3 conditions: 1)
personalized feedback + interactive text messaging delivered in Motivational Interviewing style
(PF + MIT), 2) personalized feedback only (PF), and 3) an informational control condition (IC).
Their results demonstrated that participants who received the personalized feedback and
interactive text messaging intervention (PF +MIT) showed increased perceptions of
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dangerousness of DACU at the 3-month follow up assessment compared to the personalized
feedback only and control interventions. This pilot study suggested that the intervention could
increase perceptions of dangerousness related to DACU. However, it did not investigate other
potential intervention targets, such as negative effect expectancies. The driving outcomes of the
study (current under review) provide evidence that the PF + MIT intervention was successful at
reducing DACU and riding with a cannabis-impaired driver. However, it remains unclear what
factors led to these significant changes. The present study will use data from the PF + MIT
condition to attempt to examine whether changes in DACU were mediated by changes in
negative effect expectancies.
Rationale for Current Study

Given the gap in current literature on mechanisms underlying change in brief cannabis
interventions and the increase in individuals using cannabis and engaging in DACU, creating and
deploying feasible and effective interventions targeting DACU is critical to ensure that fewer
people engage in risky cannabis-related behaviors. Informing cannabis users about the impairing
effects cannabis has on driving abilities is also an important step in changing the widespread
belief that cannabis has little to no effect on driving ability. Interventions that create personalized
feedback can help individuals become more aware of their beliefs about cannabis and their
cannabis use behaviors and can lead to increased motivation to change. Future research
examining mechanisms of change in brief intervention studies is needed to ensure that
individuals are receiving the most efficacious interventions and that resources are being used to
fund the most effective interventions. Therefore, the current study aims to address this by
investigating if increasing negative cannabis expectancies mediates the outcomes of a brief
intervention to reduce DACU which can be seen in Figure 1.
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Material and Methods
Participants
The sample for this study comes from a randomized pilot trial examining effectiveness of
a mobile based brief intervention aimed at reducing DACU (clinicaltrials.gov NCT03496129).
For the present study, data comes from the personalized feedback + interactive text messaging
condition (PF + MIT; the condition that received an intervention that targeted cannabis effect
expectancies; described below). Forty participants completed the interactive text messaging
intervention but two of those participants were lost at the follow-up assessment which led to a
total of 38 participants analyzed for the proposed study. Participants were 65.8% women, 26.3%
men and 7.9% identified as “other”. They were 71.1% Caucasian, 5.3% African American, 2.6%
Hispanic or Latino, 2.6% Asian, 10.5% multi-ethnic, and the remainder not specifying their
ethnicity. The average age of participants was 22.24 (SD = 5.38). Regarding class, 13.2% were
freshman, 21.1% sophomores, 23.7% juniors, 21.1% seniors, 13.2% were in graduate school, and
7.9% were not currently enrolled.
Procedure
Prior to data collection, the pilot trial (Project TECH) was reviewed and approved by
Western Kentucky University’s Institutional Review Board. In Project TECH, participants were
college students recruited at Western Kentucky University. There were three conditions students
were randomly assigned to which were: personalized feedback + interactive text messaging
intervention (PF + MIT), personalized feedback only (PF), and lastly a substance use information
intervention (IC), which served as the control group. Given that the present study focuses on the
sample that received the personalized feedback + interactive text messaging (PF + MIT), that is
the only condition that will be explained in greater detail for this proposal.
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Substance Impaired Driving Personalized Feedback + Interactive Text Messaging (PF + MIT)
The participants that were randomized to the PF +MIT condition were texted a link to a
secure site containing feedback that was specified to their personal cannabis use, DACU
frequency, as well as information regarding social norms surrounding DACU and cannabis use.
Interactive text messaging was included in this condition to help participants think more
critically about their attitudes, expectancies, and perceptions of dangerousness surrounding
DACU. Once the participants received the text message, they were instructed to respond back to
the interventionist after they had completely read through their personalized feedback document.
After receiving the confirmation text from the participant, the interventionist texted three openended questions that were (1) Of the information you just viewed, what was most interesting? (2)
How would receiving a DUI impact your future career goals? (3) What is your plan for driving
after substance use in the future? Once those were sent, based on the participant’s response, the
interventionist would engage in text messaging conversations with the participant to reflect and
provide support and encouragement through a Motivational Interviewing style. Often the
conversations would consist of having participants come up with their own reasons for
decreasing their engagement in DACU and included goal setting. The parts of the intervention
that were used to target negative effect expectancies included: feedback from the brief marijuana
effect expectancies questionnaire (MEEQ-B, described below) that the participant endorsed
during the survey, a DUI information cost sheet, research demonstrating driving related
impairments from using cannabis, and the interactive text-messages.
Measures
All measures were collected at baseline (prior to the intervention) and 3-month follow-up.
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Demographics. Participants completed a brief questionnaire regarding age, race/ethnicity,
gender, and class status.

Marijuana Effect Expectancy Questionnaire-Brief. The Marijuana Effect Expectancy
Questionnaire (MEEQ-B) includes the most common effects a person would expect to
experience when using cannabis such as, cognitive impairment, relaxation, social facilitation,
and physical effects. Torrealday et al. (2008) wanted to generalize the expectancies as either
positive or negative effect expectancies. They created composite scales that combined certain
scores on impairment and global negative effects to create the overall negative effect expectancy.
The same was done for the positive effect expectancy which was a composite of scores on the
relaxation, social facilitation, and global positive effects scales. Their results demonstrated that
this questionnaire is a valid and reliable measure to assess adolescent and adult cannabis effect
expectancies and should be used in future studies examining factors that lead to cannabis use.
The MEEQ-B negative expectancy subscale was used to generalize global negative effects and
consists of items one, five, and six of the MEEQ-B. The positive expectancy subscale used to
generalize global positive effects consists of items two, three, and four. An example of an item

from the positive expectancy subscale is, “Marijuana helps a person relax and feel less tense
(helps you unwind and feel calm)” and an example of an item from the negative expectancy subscale is, “Marijuana makes it harder to think and do things (harder to concentrate or understand;
slows you down when you move)”. Effect expectancies were measured using a 5-point Likert
scale that ranges from 1 (disagree strongly) to 5 (agree strongly). A high positive MEEQ-B score
means the individual endorses a stronger belief that using cannabis will have positive effects and
a higher negative MEEQ-B score means the individual endorses a stronger belief that using
cannabis will have overall negative effects. In the present study, the MEEQ-B scales
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demonstrated low internal consistency at both baseline (positive: α = .63; negative: α = .47) and
the three-month follow-up (positive: α = .49; negative: α = .30).
Driving after Cannabis Use. Driving after cannabis use (DACU) was assessed at baseline
and the 3-month follow up by asking “In the past 3 months, how many times have you driven
within 2 hrs. of using marijuana?”

Data Analysis Plan
Analyses were conducted using SPSS version 28.0. These analyses represent a secondary
data analysis of the TECH pilot trial (described above). Only data from participants assigned to
Condition 1 (PF +MIT) will be analyzed.
Paired samples t-tests were used to evaluate whether the intervention resulted in a
significant increase in negative expectancies. Bivariate analyses examined whether changes in
negative cannabis expectancies were associated with changes in the number of times driving
after cannabis use. Change in number of times driving after cannabis use was calculated by
subtracting the number of times DACU at Time 1 (pre-intervention) and the number of times
DACU at Time 2 (3-months post-intervention) for each participant. Change in negative effect
expectancies was calculated by subtracting the MEEQ-B negative scale score at Time 1 and the
MEEQ-B negative scale score at Time 2 for each participant. A mediation analysis using the
MEMORE macro (Montoya, 2019) was conducted to examine whether changes in negative
cannabis expectancies mediated intervention outcomes. MEMORE is a macro that estimates
mediation models for two-instance repeated measures designs. The macro estimates the total,
direct, and indirect effects of X on Y through the mediator M for mediation models. In order to
determine if there is a mediation, the significance of the indirect effects is based on the
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confidence intervals (CI). There is a significant mediation when the CI values do not cross zero.
If the values of the CI do cross or include zero, it is a nonsignificant mediation (Montoya, 2019).
Results
Descriptive Statistics
On average, participants at baseline reported a score of 9.053 (SD = 2.13) on the MEEQB negative expectancy subscale. At the three-month follow-up, participants reported an average
MEEQ-B negative expectancy subscale score of 9.526 (SD = 1.74). At baseline participants
reported driving after cannabis use 26.5 times in the past three-months (SD = 26.5). At the threemonth follow-up, participants reported driving an average of 15.8 times in the past three-months
(SD = 19.8). Means and standard deviations for the variables at baseline and three-month followup are shown below in Table 1.
Paired-samples t-test
Table 2 reports the results of the paired samples t-test. The results of the paired-samples
t-test demonstrates that between baseline and the three-month follow-up, negative effect
expectancies were not significantly changed (t = -1.504, p = .071; Cohen’s d = -.244).
Bivariate Correlations
Table 3 reports the bivariate correlation analyses used to determine any associations
between negative expectancies and DACU at both timepoints. Change in number of times
driving after cannabis use and the change in negative effect expectancies from baseline to the
three-month follow-up was also included to determine whether changes in expectancies was
associated with changes in DACU over time. Changes in negative effect expectancies were not
significantly correlated with changes in DACU over time (r = -.172, p = .302).
Mediation
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The results of the indirect effect of the intervention on changes in times of DACU
through changes in negative effect expectancies had a confidence interval of [-2.412, 6.071].
This confidence interval does include zero, indicating negative effect expectancies were not
mediating this relationship.
Discussion
Driving after cannabis use is a significant public health concern, and with the increasing
legalization of cannabis for medical and recreational purposes, research on DACU is needed now
more than ever. Studies examining mechanisms underlying change in intervention and
prevention methods for DACU is crucial. There are many different factors that contribute to the
decision to engage in DACU, such as perceived peer norms, perceptions of dangerousness,
perceptions of consequences, perceived behavioral control, and negative effect expectancies. The
purpose of the present study was to investigate if changes in negative cannabis effect
expectancies mediated intervention outcomes. Our results showed that negative effect
expectancies did not increase significantly following the personalized feedback and motivational
interview text-messaging (PF + MIT) intervention and that changes in negative effect
expectancies did not mediate changes in DACU over time.
The present study used data from the Project TECH pilot trial (results previously
published) of a mobile-phone based intervention with personalized feedback and interactive textmessages delivered in Motivational Interviewing style. Results have shown that the PF + MIT
condition resulted 1) significant increases in perceptions of dangerousness of DACU (Teeters et
al., 2021) and 2) significant decreases in DACU and riding with a cannabis-impaired driver
compared to the personalized feedback (PF) and substance information control conditions (IC).
Though the results from these studies have added to the literature on brief cannabis interventions,
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it remains unclear what led to the cognitive and behavioral changes. outcomes. The current study
investigated negative effect expectancies as a potential mechanism as the previous literature has
shown a significant connection between negative effect expectancies and DACU.
Overall, the results from this study add to the mixed findings regarding the influences of
negative cannabis effect expectancies on the decision to drive after using cannabis. One of the
first studies examining this relationship by Arterberry et al., (2013) found that for cannabis users
that reported any lifetime cannabis use, negative effect expectancies were associated with a
decreased likelihood of driving while high. However, the results from the present study revealed
a weak negative correlation between the change in number of times driving after cannabis use
and change in negative effect expectancies. These results are more similar to the findings from
Aston and colleagues (2016) study that demonstrated that negative expectancies did not
significantly predict driving after smoking marijuana when other cognitive factors, such as peer
norms and perceptions of dangerousness, were included in the model. The present study did not
test peer norms or perceptions of dangerousness as mediators. Those components may have been
more potent than negative effective expectancies in the present intervention.
The weak negative correlation from this study may also be the result of the intervention
including several different components geared towards several cognitive mediators, which might
have come together to lead to the change in times driving after cannabis use. It may be that
components of the intervention are not working in isolation to influence the reduction in DACU.
The intervention targeted a combination of mechanisms that are interlinked. Therefore, it may be
the combination of elements that led to changes in DACU rather than specific mechanisms in
isolation. Relatedly, different intervention components may have appealed to different
individuals. While it is important to try to disentangle specific mechanisms underlying the effects
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in brief interventions, a paper conducted by O’Donnell (2022) argues that brief interventions
themselves are actually complex and the combination of the multiple components may lead to
successful intervention outcomes. The complexity of the brief interventions could be
contributing to the effects in the current study because of the multiple cognitive and behavioral
targets that within the intervention. For the current study, it could have been that small changes
in negative expectancies combined with small changes in perceptions of dangerousness and
perceptions of norms that mediated the intervention outcomes. Future research should examine
the impact of brief interventions targeting several cognitive mediators of DACU in comparison
to interventions targeting only one cognitive mediator in order to isolate effective intervention
components.
Although negative effect expectancies did increase from baseline to 3-month follow-up in
the PF +MIT condition (from a mean of 9.05 to a mean of 9.53), the results from the pairedsamples t-test revealed that the change in expectancies from baseline to three-month follow-up
was not significant. This could be due to the intervention itself not targeting effect expectancies
enough to significantly increase them and subsequently reduce the amount of times driving after
cannabis use. The present intervention was not solely focused on targeting effect expectancies.
Therefore, negative effect expectancies may not have significantly increased over time because
the intervention itself was not geared only towards changing effect expectancies. There are
intervention styles with a main goal of targeting effect expectancies, known as expectancy
challenge intervention techniques. However, the majority of the previous literature on
expectancy challenge interventions has been specific to targeting alcohol-related expectancies.
The meta-analysis conducted by Gesualdo and Pinquart (2015) examined several studies that
utilized this expectancy challenge style interventions and found that for college students
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specifically, results varied based on the expectancies that were targeted. For example, their metaanalysis demonstrated that the expectancy challenge style interventions with more success for
reducing alcohol use and related problems were the ones that targeted several specific
expectancies such as tension reduction, social norms, and sexual facilitation.
Similarly, a study by Dunn and colleagues (2020) comparing brief motivational
interventions to an expectancy challenge alcohol curriculum demonstrated that both intervention
styles were successful at reducing drinking and related problems. Although both intervention
styles worked, it was the change in alcohol expectancies that was shown to be the most
significant factor that mediated intervention outcomes. Their study specifically targeted positive
expectancies as a way to reduce drinking while the present study targeted negative expectancies,
which may have contributed to the mixed findings. Additionally, a review conducted by Reid
and Carey (2015) demonstrated that certain types of alcohol expectancies, particularly social
expectancies, were connected to behavior change in brief alcohol interventions. The present
intervention did not target the positive or social expectancies and was not attempting to decrease
overall cannabis use or cannabis related problems. The intervention was specifically targeting
negative expectancies that could be linked to driving impairment (e.g., Marijuana makes it harder
to think and do things (harder to concentrate or understand; slows people down when they move)
and this may be why there was not a change in overall negative effect expectancies. An
intervention that focuses more broadly on negative effect expectancies may have led to more
change in negative effect expectancies, but it is unclear whether these changes would have led to
changes in DACU. No current research has assessed driving related expectancies, and the current
MEEQ does not include any items specifically related to driving-related impairments. An
important area of future research would be to create a driving related expectancy questionnaire
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that more carefully assesses driving related perceptions. It may be that specifically targeting
driving related expectancies leads to greater behavior change in DACU interventions compared
with general negative expectancies.
The hypothesis that the increase in negative effect expectancy would mediate a DACU
intervention outcome was not supported, as shown by the results from the MEMORE mediation
analysis. Although negative effect expectancies did not significantly increase from baseline to
the three-month follow-up, other cognitive factors were shown to change in this intervention. In
a previous analysis from this dataset, Teeters and colleagues (2021) examined whether the PF +
MIT intervention condition resulted in significantly greater increases in perceived dangerousness
over time compared to the PF and IC conditions. Their results demonstrated that the intervention
significantly increased perceptions of dangerousness in the PF+MIT condition from baseline to
the three-month follow-up, but not for the other two conditions. Interestingly, while perceptions
of dangerousness had small nonsignificant increases for the PF condition, the IC condition had
small decreases in perceptions of dangerousness over time. This suggests that brief mobile
phone-based interventions that have interactive text messaging components are effective at
increasing perceptions of dangerousness surrounding DACU. Compared to the information only
condition, the results from this study further show the importance of the interactive aspect of the
intervention and that simply giving participants a substance use document is not enough to
change their attitudes or behavior. This significant increase in perceptions of dangerousness may
have had a more significant mediating role in intervention outcomes than negative effect
expectancies. Future studies should not only examine the mediating effects of perceptions of
dangerousness on DACU intervention outcomes but should also compare the efficacy of
targeting negative effect expectancies compared to perceptions of dangerousness.
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Limitations of the current study include that cannabis use, effect expectancies, and rates
of DACU were collected via retrospective self-report. The data may have been skewed due to
biases from reporting sensitive substance use information. This could have negatively influenced
accurate data reporting, however the participants were reminded several times that their
information was anonymous and that they could have refused to answer any questions they did
not feel comfortable answering. Nonetheless, future studies should use either the daily diary
report of substance use or the Ecological Momentary Assessment (EMA) to track substance use
in a way that is more frequent and does not require participant to report substance use from
months ago that they may not accurately remember. These methods reduce bias and reporting
error due to the increased frequency of having participants complete these and can be done via
apps or text messaging for efficiency and accessibility. Additionally, due to the COVID-19
pandemic, six-month follow-up data was not collected, and several participants were lost due to
not completing the follow-up questionnaires. Having data six-months after the intervention
would have provided more informative data regarding the change in expectancies, as well as
change in DACU. This would have also shown the impact and duration of the effects from the
intervention outcome to examine if this trend lasts beyond the three-month follow-up. Future
studies would benefit greatly from collecting data at six months and a year post intervention to
examine the durability of the intervention effects.
Another potential explanation for the null results in the present study is the sample size.
This mediation may likely be very underpowered due to the sample size only being 38
participants. An adequately powered sample is crucial when attempting to determine moderators
and mediators of intervention outcomes. Future studies should attempt to replicate the current
study with a much larger sample size to assess potential intervention mediators.
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Furthermore, a limitation of the current study was using the brief version of the MEEQ.
Although the MEEQ-B is valid as demonstrated by Torrealday and colleagues (2008), it is still
only a brief version of the full MEEQ which encompasses a more exhaustive list of effect
expectancies. Although, the full MEEQ does not include any items that assess effect
expectancies specifically related to DACU, the full version does include multiple other items that
may be related to driving impairment. Some of those items include, “15. Marijuana slows
thinking and actions; 21. When I smoke marijuana, I feel like I have heavy feet and no
coordination; 43. Marijuana changes my perception of time and distance; 46. Marijuana makes
reaction times slower”. If the full MEEQ would have been used in this intervention, these items
could have been used in the personalized feedback document to make the link between these
expectancies and driving related impairments clearer to participants. Future research should
examine any differences between using the MEEQ-B compared to the full MEEQ in an
intervention style setting. Also, future research should create effect expectancy items that are
geared towards driving related impairments and behaviors.
Because the data was collected from a small sample of young adults in southwestern
Kentucky, it cannot be fully representative of all young adults in Kentucky or other states,
specifically where medical and recreational cannabis use is legal. Future studies should replicate
the current study from a population in a state where cannabis is legal to examine any differences
in perceptions, attitudes, and behaviors surrounding DACU. Additionally, this sample was not
diverse in terms of racial and ethnic diversity and future interventions should aim to include a
more diverse sample to get a better generalization of all cannabis users.
Despite these limitations, this study has significant relevance as it is one of the first to
examine the mediating role of negative cannabis effect expectancies on a brief intervention

25

targeting DACU. The current study fills a gap in the literature by longitudinally examining a
potential mechanism of change. Few studies have longitudinally assessed cannabis use and
DACU and none have assessed negative effect expectancies as a mediator of this relationship.
Several pieces of information from this study can be used to inform future DACU interventions.
Because the intervention resulted in significant changes in DACU and riding with a cannabisimpaired driver, it is clear that the intervention should be replicated in a larger more diverse
sample. Based on our findings, it appears that it might be helpful for an intervention to include
more information related to negative effect expectancies. As stated above, using the full
expectancies measure and showing participants personalized feedback related to their
endorsement of more expectancies related to driving after cannabis use may be more impactful
than using the brief version of the measure used in the present study. Elements of expectancy
challenge interventions could also be incorporated into brief intervention in order to specifically
target expectancies.
Additionally, many participants in this intervention also reported driving after using other
substances, mainly alcohol. Future studies should examine the effect of an intervention that
targets polysubstance impaired driving and the role effect expectancies plays in that. Future
research addressing polysubstance impaired driving is becoming increasingly needed as more
individuals engage in the decision to drive after using multiple impairing substances. There are
very few studies examining the co-use of cannabis and alcohol effects and even less on the couse effects on driving abilities. Increased understanding of the risky behaviors young adults are
engaging in can help with creating better intervention and prevention techniques to keep more
people on the road safe.
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Table 1.
Means, standard deviations, and standard error means for the Marijuana Effect Expectancy
Questionnaire-Brief negative effect expectancy subscale and rates of Driving after Cannabis Use
at baseline and three-month follow-up
Variable
T1 Negative
Expectancies
T2 Negative
Expectancies

Mean

SD

N

SE

9.053

2.13

38

.3456

9.526

1.74

38

.2816

26.50

26.55

38

4.308

15.82

19.81

38

3.214

T1 Driving
after Cannabis
Use
T2 Driving
after Cannabis
Use
Note. T1 = baseline, T2 = three-month follow-up
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Table 2.
Paired samples t-test of negative effect expectancies from baseline to three-month follow-up
Mean

T1 Negative

-.474

SD

SE

1.94 .315

Lower Upper
CI

CI

-1.11

.164

Expectancies –
T2 Negative
Expectancies
Note. CI = confidence interval
T1 = baseline, T2 = three-month follow-up
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t

-1.50

df

37

One-

Two-

sided p

sided p

.071

.141

Table 3.
Bivariate correlations between negative effect expectancies, rates of Driving after Cannabis Use,
change in rates of Driving after Cannabis Use and the change in negative effect expectancies
from baseline to the three-month follow-up

1. T1 Negative
Expectancies

1

2

3

4

5

6

1

.511**

-.258

-.155

.640**

-.148

.001

.118

.354

<.001

.377

1

-.130

-.188

-.333*

.011

.438

.258

.041

.947

1

.418**

-.167

.713**

.009

.316

<.001

1

-.002

-.340*

.992

.037

1

-.172

Sig. (2-tailed)
2. T2 Negative
Expectancies
Sig. (2-tailed)
3. T1 Driving after
Cannabis Use
Sig. (2-tailed)
4. T2 Driving after
Cannabis Use
Sig. (2-tailed)
5. Change in Negative
Expectancies
Sig. (2-tailed)
6. Change in Driving
after Cannabis Use
Sig. (2-tailed)

.511**
.001
-.258

-.130

.118

.438

-.155

-.188

.418**

.354

.258

.009

.640**

-.333*

-.167

-.002

<.001

.041

.316

.992

-.148

.011

.713**

-.340*

-.172

.377

.947

<.001

.037

.302

Note. T1 = baseline, T2 = three-month follow-up
*p <.05. **p < .01
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.302
1

Figure 1.
Hypothesized Mediation Model of Change in Negative Expectancies mediating rates of Driving
after Cannabis Use from baseline to three-month follow-up
Change in Negative
Expectancies

Rates of Driving after Cannabis
Use at 3-month Follow-up

Rates of Driving after
Cannabis Use at Baseline
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APPENDIX A
Marijuana Effect Expectancy Questionnaire-Brief (MEEQ-B)
The following pages contain general statements about the effects of marijuana. Answer
each statement according to your own personal thoughts, feelings, and beliefs about marijuana.
We’re interested in what you think about marijuana, not what others think. Whether or not
you’ve had actual marijuana experience, you should answer in terms of how you think marijuana
affects the typical or average user.
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Answer according to how much you agree or disagree with each statement
1. Marijuana makes it harder to think and do things (harder to concentrate or understand; slows
you down when you move).
+

+

+

+

+

1

2

3

4

5

Disagree
Strongly

Disagree
Somewhat

Uncertain

Agree
Somewhat

Agree
Strongly

2. Marijuana helps a person relax and feel less tense (helps you unwind and feel calm).
+

+

+

+

+

1

2

3

4

5

Disagree
Strongly

Disagree
Somewhat

Uncertain

Agree
Somewhat

Agree
Strongly

3. Marijuana helps people get along better with others and it can help you feel more sexual
(talk more; feel more romantic).
+

+

+

+

+

1

2

3

4

5

Disagree
Strongly

Disagree
Somewhat

Uncertain

Agree
Somewhat

Agree
Strongly

4. Marijuana makes a person feel more creative and perceive things differently (music sounds
different; things seem more interesting).
+

+

+

+

+

1

2

3

4

5
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Disagree
Strongly

Disagree
Somewhat

Uncertain

Agree
Somewhat

Agree
Strongly

5. Marijuana generally has bad effects on a person (you become angry or careless; after feeling
high you feel down).
+

+

+

+

+

1

2

3

4

5

Disagree
Strongly

Disagree
Somewhat

Uncertain

Agree
Somewhat

Agree
Strongly

6. Marijuana has effects on a person’s body and gives a person cravings (get the
munchies/hungry; have a dry mouth; hard to stop laughing).
+

+

+

+

+

1

2

3

4

5

Disagree
Strongly

Disagree
Somewhat

Uncertain

Agree
Somewhat

Agree
Strongly
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